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13.  ABSTRACT 


To  determine  the  combined  effects  of  noise  and  vibration  on  auditory 
function,  the  temporary  threshold  shifts  (TTS)  of  two  groups  of  10  subjects 
each  were  measured  as  a  function  of  intensity  and  duration  of  exposure. 
Combined  noise  and  vibration  was  presented  to  one  group  for  5  minutes  and  to 
the  other  for  20  minutes.  Both  groups  were  exposed  to  vibration  in  the  Z 
axis  at  frequencies  of  9  Hz  and  18  Hz  at  intensity  levels  of  0.475  gz  (ppak) 
and  0.950  gz,  respectively.  Noise  levels  of  90  dB  and  100  dB  (re  20  yN/m2) 
were  presented  simultaneously  with  the  vibration.  TTS  was  measured  at  post 
exposure  recovery  times  of  0.5,  2.0,  5.0,  10.0,  and  20.0  minutes.  Although 
the  mean  difference  was  small  (0.72  dB),  a  significantly  larger  TTS  was 
obtained  et  9  Hz  than  18  Hz  vibration,  and  100  dB  produced  a  larger  TTS  than 
90  dB.  Significant  differences  1*»  TTS  were  also  obtained  as  a  function  of 
duration  of  exposure,  and  as  a  function  of  post  exposure  recovery  time. 

The  results  indicate  that  whole  body  vibration  alters  noise  induced  TTS, 
however  additional  research  is  necessary  to  more  accurately  define  TTS  as  a 
function  of  vibration  frequency  and  level  as  well  as  to  determine  if  the 
alteration  is  of  practical  consequence. 
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INTRODUCTION 


Structure  borne  vibrational  and  airborne  acoustical  energy  are  produced  by  much  the  same  type 
motion,  and  for  that  reason  often  act  on  man  simultaneously.  A  large  amount  of  research  has 
been  conducted  to  determine  the  individual  effects  of  these  stimuli  on  human  performance, 
physiological  response,  and  sensory  acuity.  However,  little  information  is  available  on  the  com¬ 
bined  effects  of  whole  body  vibration  and  acoustic  energy  on  human  responsiveness.  Of  particu¬ 
lar  interest  is  the  combined  effects  of  these  stimuli  on  auditory  thresholds.  Most  of  the  studies 
conducted  in  this  area  have  been  inadequately  controlled  and  have  lacked  appropriate  statisti¬ 
cal  treatment  of  the  data.  A  summary  of  the  literature  on  the  combined  effects  of  whole  body 
vibration  and  acoustic  stimulation  on  temporary  threshold  shirt  (TTS)  is  presented  in  Table  1. 
Very  few  studies  exist,  as  is  evident  from  the  table,  and  no  systematic  attempt  has  been  made 
to  explore  interactive  effects  as  a  function  of  intensity  and  duration  of  exposure.  The  present 
experiment  represents  a  first  step  in  filling  this  gap. 

The  results  of  one  study  suggest  that  vibration  presented  alone  increases  hearing  sensitivity, 
however,  vibration  (16.7  Hz)  combined  with  100  dB  SPL*  white  noise  produced  more  TTS  at 
4000  Hz  than  the  noise  presented  alone  (Morita,  1958) .  These  results  are  difficult  to  evaluate 
smce  no  statistical  analyses  were  performed  and  the  subjects  were  exposed  to  a  pitching  motion 
rather  than  sinusoidal  vibration  in  one  axis.  Sinusoidal  motion  has  been  used  in  mast  vibration 
studies  since  a  pitching  motion  complicates  the  situation  by  introducing  an  angular  acceleration 
component.  Nevertheless,  Yokoyama,  Yamamoto,  and  Fujii  (1965)  using  Z  axis  vibration  have 
subsequently  reported  results  in  agreement  with  those  obtained  by  Morita  (1958).  These 
authois  presented  subjects  with  5  and  16.7  Hz  vibration  at  0.3  and  0.9  g,  respectively,  in  con¬ 
junction  with  white  noise  at  82  dB  SPL  for  20  minutes,  and  measured  TTS  at  4000  Hz  beginning 
0.2  minutes  postexposure  (TTS  ,) .  Noise  alone  produced  a  5  dB  decrement  at  TTS,,.,  and  a  2 
dB  decrement  at  TTS,,  while  noise  combined  with  5Hz  vibration  pjoduced  a  V2  dB  decrement 
at  TTS.  and  full  recovery  did  not  occur  even  20  minutes  postexposure.  Noise  combined  with 
16.7  Hz  vibration  produced  shifts  of  13  and  10  dB  at  TTS,, ...  and  TTS  ,  respectively.  The  5  Hz 
vibration,  presented  alone,  produced  3  dB  enhancement  at  TTS,,  ,.  As  in  Morita's  (1958)  ex¬ 
periment,  the  data  were  not  analyzed  statistically,  thus  only  tentative  conclusions  can  be 
reached. 

The  findings  that  vibration  when  presented  alone  enhances  hearing  sensitivity  has  been  chal¬ 
lenged  by  Tease  ar.d  Snyder  (1963).  These  investigators  used  15  vibration  frequencies  in  the 
range  of  1  to  27  Hz  at  four  amplitudes  and  found  no  significant  differences  between  preexposure 
and  exposure  audiograms.  However,  the  question  still  remains  as  to  whether  whole  body  vibra¬ 
tion  interacts  with  noise  to  produce  greater  TTS  than  noise  alone.  In  spite  of  the  procedural 
problems  and  the  fact  that  no  statistical  analyses  were  performed  to  determine  if  an  interaction 
existed,  the  differences  reported  by  Morita  (1953)  and  Yokoyama  et  al  (1965)  seemed  large 
enough  to  warrant  further  investigation.  Therefore,  in  an  exploratory  study  conducted  in  our  lab¬ 
oratory  (unpublished),  four  experimental  conditions  were  presented:  noise  alone  (earphones), 
noise  plus  whoie  body  vibration  at  6  Hz-0.25  g„  at  18  Hz-0.83  g„  and  at  36  Hz-1.40  gr.  Subjects 
were  seated  in  a  chair  with  a  wooden  seat,  and  vibrated  in  the  Z  axis.  Noise  of  106  dB  with  the 
greatest  energy  concentrated  in  the  1000  to  2000  Hz  range  was  presented  for  4  minutes.  TTS  at 

*  SPL — Sound  Pressure  Level  referenced  to  20  ^N/m2. 
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2000  and  4000  Hz  were  measured  for  30  seconds  of  each  minute  for  a  total  of  9  minutes  post¬ 
exposure.  The  results,  although  not  statistically  significant,  indicated  that  18  Hz  with  noise  pro¬ 
duced  a  greater  change  in  TTS  at  4000  Hz  (a  mean  TTS  for  eight  subjects  of  about  3  dB  for 
TTS,  .„)  than  the  other  frequencies  combined  with  noise. 

Since  18  Hz  whole  body  vibration  produced  the  greatest  TTS  in  our  first  study,  this  frequency 
was  studied  in  a  subsequent  study  at  intensity  levels  of  0.5, 1.0,  and  1.5  g2.  Narrow  band  noise, 
1414  to  2828  Hz,  at  106  dB  was  presented  alone  over  earphones  and  in  combination  with  whole 
body  vibration  at  the  three  acceleration  levels.  Each  exposure  condition  lasted  for  4  minutes, 
with  TTS  determined  at  2000  and  4000  Hz  alternately  every  30  seconds  for  10  minutes  post- 
exposure.  No  significant  differences  were  found  for  either  test  frequency.  We  concluded  that, 
within  the  constraints  of  the  experiments,  threshold  hearing  levels  for  2000  and  4000  Hz  were 
not  affected  by  the  vibration  component.  However,  there  are  two  major  factors  that  could  have 
influenced  the  outco:.\e  of  these  experiments.  First,  subjects  tended  to  adjust  their  posture 
in  the  chair  to  minimize  transmission  of  the  vibratory  motion  to  the  head.  Second,  high  level 
background  wise  in  the  test  room  may  have  produced  seme  masking  effects  of  the  pre-  and 
postexposure  audiograms. 

Subsequent  to  the  experiments  conducted  in  our  laboratory,  Okada,  Miyake,  Yamamura  and 
Minami  (1971)  found  evidence  to  support  the  additive  effects  of  noise  and  vibration  findings 
obtained  by  Morita  (1958)  and  Yokoyama  et  al  (1965).  In  their  study,  subjects  were  ex¬ 
posed  to  Z  axis  at  frequencies  of  2, 5, 10,  and  20  Hz  at  intensity  levels  presented  in  Table  1.  A 
“factory  type  noise”  (peak  energy  in  the  500-1000  Hz  region)  of  101  dB  SPL  was  presented  by 
itself  and  with  the  5  Hz  vibration  condition.  TTS,  was  measured  at  1U00  and  4000  Hz  after 
20  minutes  and  6G  minutes  of  exposure.  For  a  20  minute  exposure  to  5  Hz-0.5  g,  vibration  (pre¬ 
sented  alone)  a  5  dB  1  CS,  was  measured  at  both  1000  and  4000  Hz  while  a  60-minute  exposure 
increased  the  TTS,  to  approximately  7.5  dB  for  both  test  frequencies.  This  effect  was  opposite 
in  direction  to  that  found  by  Yokoyama  vt  al  (1965),  a  decrement  in  hearing  instead  of  in¬ 
creased  sensitivity  due  to  vibration.  Significant  TTS  was  also  obtained  after  both  exposure 
durations  to  the  10  Hz-1.0  g7  vibration.  The  noise  presented  alone  for  20  minutes  produced  a  4 
dB  TTS,  at  1000  Hz  and  an  18  dB  TTS,  at  4U00  Hz.  When  vibration  at  5  Hz~0.5  g,  was  com¬ 
bined  with  the  noise,  the  TTS,  at  1000  and  4000  Hz  was  increased  approximately  4  dB  over 
that  for  the  noise  alone.  This  increase  in  TTS  was  statistically  significant. 

The  various  experiments  concerning  vibratory/auditory  interaction  used  similar  procedures  for 
measuring  TTS  and  the  shift  at  4000  Hz  was  a  common  measure  in  all.  Also,  the  frequency  and 
intensity  of  vibration  used  in  our  pilot  studies  were  similar  to  those  of  the  earlier  studies.  There 
were,  however,  wide  differences  in  intensity  and  duration  of  noise  exposures  used  in  the  experi¬ 
ments.  This  difference  in  duration  and  intensity  of  noise  exposure  may  have  been  instrumental 
in  producing  the  additive  effects  of  noise  and  vibration  on  TTS  obtained  by  Morita  (1958), 
Yokoyama  et  al  ( 1965)  and  Okada  et  al  ( 1971 ) .  Possibly,  in  the  pilot  studies  the  vibration  and 
noise  were  simply  not  presented  for  a  long  enough  period  of  time  to  interact  with  each  other. 
The  maximum  permissible  vibration  exposures  allowable  for  unhazardous  experiments  con¬ 
ducted  in  our  laboratory  are  in  compliance  with  or  identical  to  those  set  forth  by  the  Interna¬ 
tional  Standards  Organization  (ISO),  Technical  Committee  108,  Working  Group  7  “Guide  for 
the  Evaluation  of  Human  Exposure  to  Whole-Body  Vibration”  (1972)  and  are  considered  to  be 
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maximum  safe  vibration  exposure  limits  for  the  various  exposure  durations  specified.  Many  of 
the  vibration  exposures  used  by  Morita  ( 1958) ,  Yokoyama  et  al  ( 1965) ,  and  Okada  et  al  ( 1971 ) 
exceed  those  recommended  by  the  ISO  document  and  for  that  reason  cannot  be  duplicated  in 
our  investigations. 

The  purpose  of  the  present  study  was  to  evaluate  the  individual  and  the  combined  effects  of 
vibration  frequency,  noise  intensity  level,  and  duration  of  exposure  on  magnitude  of  TTS  and 
recovery.  Vibratory  stimuli  of  9  Hz  at  0.475  gz  and  1R  Hz  at  0.95  gz  were  selected  for  study.  These 
stimuli  were  selected  on  the  basis  of  the  ISO  standard  ( 1972) ,  waveform  distortion  characteris¬ 
tics  of  the  vibration  excitor,  and  use  in  previous  research.  To  test  for  the  effect  of  exposure  dura¬ 
tion,  5  and  20  minute  exposure  were  used.  Noise  intensity  levels  of  90  and  100  dB  SPL  were 
selected  in  the  range  where  a  small  TTS  could  be  measured  for  the  lowest  level  at  the  shortest 
exposure  duration,  and  where  the  higher  level  would  not  produce  any  undue  discomfort.  To 
determine  the  combined  effects  of  the  variable  on  TTS  and  the  recovery  function,  TTS  was 
measured  at  five  postexposure  times. 
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METHOD 


SUBJECTS 

Twenty  male  military  members  of  the  U.  S.  Air  Force  ranging  in  age  from  23-40  years  volun¬ 
teered  for  participation  in  the  experiment.  The  subjects  were  experienced  in  vibration  exposure. 
As  determined  by  standard  audiometric  methods,  all  subjects  had  normal  hearing  for  test 
frequencies  of  500, 1000,  2000,  3000,  4000,  and  6000  Hz. 

APPARATUS 

A  block  diagram  of  the  equipment  used  for  presenting  the  vibratory  and  auditory  stimuli  is 
presented  in  Figure  1. 

Vibration  Stimulation 

Vibration  stimulation  was  accomplished  by  use  oi  an  MB  Electronics  model  C-3  electromag¬ 
netic  exciter.  Uniaxial  sinusoidal  vibration  in  the  Z  axis  was  transmitted  to  the  subject’s  chair. 
The  load  limit  of  the  vibratory  system  was  210  pounds,  with  the  differential  between  the  sub¬ 
ject’s  weight  and  210  pounds  compensated  for  by  the  use  of  additional  weights.  Vibration  fre¬ 
quencies  of  9  and  18  Hz  at  peak  accelerations  of  0.475  and  0.950  gz,  respectively,  were  obtained 
with  little  distortion  of  the  waveform.  Peak  acceleration  was  monitored  by  an  MB  model  M3 
vibration  meter  from  an  accelerometer  mounted  under  the  subject’s  chair.  A  Brush  model  220 
line  recorder  connected  to  the  output  of  the  meter  was  used  for  obtaining  a  permanent  record  of 
the  vibratory  stimulus. 

Noise  Exposure 

The  signal  generated  by  a  Grason-Stadler  type  455-B  white  noise  generator  was  adjusted  with 
a  Spencer- Kennedy  Laboratory  model  302  variable  fhier  to  produce  the  desired  noise  spectrum. 
The  filtered  output  was  amplified  by  an  Altec  351-C  50  watt  audio  amplifier  and  an  attenuator 
(110  dB  total,  in  1  dB  steps)  controlled  the  gain  of  the  amplified  noise.  The  attenuated  output 
passed  to  one  channel  of  a  Grason-Stadler  model  829S51  electronic  switch,  which  delivered  a 
signal  bilaterally  to  Koss  Pro  600  earphones.  At  both  90  and  100  dB  SPL  the  noise  spectrum  had 
its  peak  energy  in  the  2000  to  4000  Hz  octave  band  with  an  approximate  6  dB  per  octave  roll  off. 

Auditory  Test  Signal 

A  4000  Hz  pure  tone,  generated  by  a  Hewlett-Packard  200  AB  audio  oscillator,  was  used  in  the 
hearing  threshold  detection  portion  of  the  experiment.  The  output  was  directed  to  a  Grason- 
Stadler  model  829  E  electronic  switch  which  pulsed  the  signal  two  times  per  second  at  a  duty 
cycle  of  50%  to  enhance  signal  detection.  Each  pulse  had  a  rise  and  decay  time  of  50  ms  (milli¬ 
seconds)  and  an  on  duration  of  175  ms.  An  operator’s  attenuator  was  placed  prior  to  the  sub¬ 
ject’s  recording  attenuator  to  allow  a  1  dB  control  over  the  recorded  response.  The  recording 
attenuator  was  a  Grason-Stadler  type  E  3262  and  was  remotely  adjusted  by  the  subjects  to 
provide  a  continuous  threshold  record.  Gain  of  the  recording  attenuator  was  continuously 
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Figure  1.  Block  diagram  of  the  equipment, 


varied  by  the  subject  at  the  rate  of  4  dB  per  second  within  the  dynamic  range  of  100  dB.  The 
signal  then  passed  to  a  Grason-Stadler  model  829S51  electronic  switch  which  allowed  switching 
between  noise  and  pure  tone  to  occur  without  producing  an  audible  transient  pulse  in  the  ear¬ 
phones.  This  output,  as  with  the  noise  generation  portion,  passed  bilaterally  to  Koss  Pro  600 
earphones. 

Presentation  of  exposure  stimuli  and  collection  of  response  data  were  automatically  controlled 
by  the  use  of  a  programmable  timer.  This  timer  also  controlled  a  red,  green,  and  yellow  light 
which  assisted  the  subjects  in  determining  the  correct  sequence  operation.  The  red  light  was 
used  when  when  the  threshold  detection  portion  of  the  experiment  was  off.  Fifteen  seconds  prior 
to  the  onset  of  the  audible  signal  the  yellow  light  was  actuated  to  provide  warning  that  the  green 
light  was  coming  on,  indicating  that  the  subject  should  begin  plotting  threshold. 

PROCEDURE 

A  four  factor  design,  repeated  measures  on  three  of  the  four  factors,  was  used  as  the  experi¬ 
mental  design  for  this  investigation.  Subjects  were  random'”  resigned  to  one  of  two  groups  of 
10  subjects  each.  The  groups  differed  in  exposure  duration,  b  minutes  versus  20  minutes  of  ex¬ 
posure.  All  subjects  were  presented  two  levels  of  noise,  90  and  100  dB  SPL,  and  two  frequencies 
of  vibration,  9  Hz  at  0.475  g,  and  18  Hz  at  0.950  g,.  Postexposure  TTS  was  measured  at  0.5, 2.0, 
5.0, 10.0  and  20.0  minutes.  The  scores  used  for  analysis  were  obtained  by  subtracting,  for  each 
subject,  the  TTS  obtained  at  each  recovery  time  from  the  average  of  four  preexposure  threshold 
level  determinations. 

Each  subject  was  tested  in  a  series  of  daily  sessions  for  five  consecutive  days.  This  series  was 
comprised  of  a  preliminary  session  and  four  experimental  sessions  in  which  each  of  four  com¬ 
binations  of  noise  and  vibration  were  presented.  These  conditions  were:  ( 1)  9  Hz-90  dB,  (2) 
18  Hz-90  dB,  (3)  9  Hz-100  dB,  and  (4)  18  Hz-100  dB.  Each  subject  was  presented  the 
conditions  in  a  different  random  order.  During  the  first  session,  the  subjects  were  instructed  in 
test  procedures  and  given  practice  in  plotting  hearing  thresholds.  To  reduc'  any  possible 
apprehension  caused  by  the  exposure  conditions,  subjects  were  briefly  exposed  to  each  con¬ 
dition,  subsequently  presented  in  the  experiment  proper.  In  the  subsequent  testing  sessions  a 
preexposure  baseline  hearing  threshold  level  at  4000  Hz  was  obtained  during  the  first  5  minutes. 
Thresholds  were  found  by  continuously  varying  the  intensity  of  the  test  tone  between  audibility 
and  inaudibility  in  a  manner  associated  with  the  von  Bekesy  procedure  (von  Bekesy,  I960) 
A  sample  threshold  record  is  presented  in  Figure  2.  The  threshold  value  was  the  mean  of  the 
excursions  within  a  30  second  interval  about  the  critical  postexposure  time.  After  each  combined 
noise  and  vibration  exposure,  threshold  was  plotted  continuously  at  4000  Hz  for  a  period  of  5 
minutes.  The  subjects  then  rested  until  9  minutes,  30  seconds  postexposure,  at  which  time  they 
again  plotted  hearing  threshold  for  1  minute.  Finally,  subjects  were  tested  at  19  minutes  30 
seconds  postexposure  for  i  minute.  Subjects  were  tested  in  an  acoustically  treated  room  and 
reported  that  they  were  unable  to  hear  any  noise  or  conversation  in  adjacent  rooms. 
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Figure  2.  A  typical  threshold  record  for  one  subject.  The  threshold  value  was  the  mean  of  the 
excursions  within  a  30  second  interval  about  the  critical  time. 


8 


RESULTS 


An  analysis  of  variance  conducted  on  the  data  revealed  that  statistically  significant  effects  were 
obtained  for  exposure  time,  noise  level,  vibration  frequency,  and  recovery  time  (see  Table  II) . 
Figure  3  depicts  the  effect  of  exposure  time  on  TTS.  The  difference  between  the  5  and  20  minute 
exposure  was  expected  since  the  “ — increase  in  TTS  with  exposure  time  is  found  under  almost 
all  conditions  (Ward,  1963) Similarly,  the  effects  for  noise  level  (Figure  4) ,  and  recovery  time 
(Figure  5)  are  in  agreement  with  the  previous  literature  (Ward,  1963) . 

Of  particular  interest  is  the  effect  obtained  for  vibration  frequency.  Although  the  effect  was 
significant,  9  Hz  vibration  produced  only  a  0.72  dB  greater  TTS  than  18  Hz  (see  Figure  6) .  The 
significant  effect  was  produced  mainly  by  the  consistency  of  the  shift;  16  of  20  subjects  had  a 
larger  increase  in  TTS  at  9  than  at  18  Hz.  Also  vibration  frequency  did  not  interact  with  exposure 
time,  noise  level,  or  with  recovery  time. 

The  two  significant  interactions,  Exposure  Time  x  Noise  Intensity  (Figure  7)  and  Noise  Inten¬ 
sity  x  Recovery  Time  (Figure  8)  were  expected  and  predictable  from  the  experimental  litera¬ 
ture  (Ward,  Glorig,  and  Sklar,  1958;  Ward,  1963) . 

TABLE  II 


Summary  Analysis  ofVariance 


Source  of  Variance 

Sum  of  Squares 

df 

MS 

F 

Between  Subjects 

4908.69 

19 

A  (exposure  time) 

1530.77 

1 

1530.77 

8.1571 

* 

Sub  w  grps 

3377.92 

18 

187.66 

Within  Subjects 

9073.54 

306 

B  (noise  level) 

4379.13 

1 

4379.13 

55.4460 

•  • 

AB 

379.27 

1 

379.24 

4.8021 

* 

B  x  Sub  w  grps 

1421.81 

18 

78.98 

C  (vibration  freq) 

52.93 

1 

52.93 

5.5892 

* 

AC 

15.01 

1 

15.01 

1.5850 

C  x  Sub  w  grps 

170.47 

18 

9.47 

D  (recovery  time) 

1253.82 

4 

313.45 

41.9611 

** 

AD 

54.40 

4 

13.60 

1.8206 

D  x  Sub  w  grps 

538.44 

72 

7.47 

BC 

4.40 

1 

5.40 

<  1.0000 

t 

ABC 

70.15 

1 

70.15 

3.4252 

BC  x  Sub  w  grps 

368.67 

18 

20.48 

BD 

279.99 

4 

69.99 

17.5854 

** 

ABD 

15.01 

4 

3.75 

<  1.0000 

t 

BD  x  Sub  w  grps 

287.04 

72 

3.98 

CD 

2.27 

4 

0.56 

<  1.0000 

t 

ACD 

3.89 

4 

0.97 

<  1.0000 

t 

CD  x  Sub  w  grps 

128.81 

72 

1.78 

BCD 

26.15 

4 

6.53 

2.1766 

ABCD 

4.71 

4 

1.17 

<  1.0000 

t 

BCD  x  Sub  w  grps 

216.17 

72 

3.00 

Note:  Analysis  based  on  raw  data  with  10  dB  added. 

*  p  <  .05 

**  p  <  .01 

t  Not  significantly  less  than  1.000 
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Figure  3.  The  main  effect  of  exposure  time  on  TTS. 
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Figure  4.  The  main  effect  of  noise  intensity  level  on  TTS. 
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Figure  6.  main  effect  of  vibration  frequency 
on  TTS. 
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Figure  7.  The  interaction  of  exposure  time  with 
noise  intensity  level 
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DISCUSSION 


The  results  demonstrate  that  the  pattern  of  TTS  was  not  significantly  affected  by  the  combi¬ 
nation  of  vibration  with  noise.  In  fact,  vibration  did  not  interact  with  any  of  the  variables  used 
in  the  experiment.  Since  a  significant  effect  was  obtained  for  vibration  frequency,  the  9 
Hz  vibration  produced  a  constant  increase  in  TTS  even  when  combined  with  noise.  A 
clearer  picture  would  have  been  obtained  if  a  vibration  alone  condition  had  been  included  in  the 
experiment.  Nevertheless,  the  effect  was  constant  across  two  levels  of  noise  that  produced  a  wide 
difference  in  TTS.  As  stated  earlier,  although  the  mean  difference  between  9  and  18  Hz  was  only 
0.72  dR,  it  was  fairly  consistent  across  subjects  with  16  of  the  20  subjects  showing  greater  TTS 
at  9  Hz.  For  the  5  minute  exposure  group,  7  of  the  10  subjects  had  higher  TTS  at  9  Hz  while  nine 
subjects  had  higher  TTS  at  9  Hz  in  the  20  minute  exposure  group  (see  Figure  9) . 

The  higher  TTS  for  9  Hz  in  comparison  to  18  Hz  was  also  consistent  at  each  recording  time 
during  the  postexposure  recovery  function  as  can  be  seen  in  Figure  10.  Similarly,  9  Hz  produced 
the  greater  TTS  regardless  of  the  duration  of  noise  and  vibration  (Figure  11)  cr  intensity  of 
noise  exposure  (Figure  12) .  Since  9  Hz  produced  a  consistently  greater  TTS  than  18  Hz  across 
all  variables,  the  effect  seems  genuine,  nevertheless,  because  of  the  size  of  the  difference  we 
must  conclude  that  it  is  only  of  theoretical  interest. 

Since  subjects  practiced  plotting  hearing  threshold  with  no  vibration  and  were  exposed  to  noise, 
the  TTS  caused  by  noise  alone  was  available.  However,  practice  only  occurred  on  the  first  day; 
therefore,  motivational  factors  in  addition  to  task  understanding  may  have  influenced  per¬ 
formance.  A  comparison  of  the  practice  data  with  each  of  the  vibration  conditions  shows  that 
noise  alone  produced  a  greater  TTS  than  9  Hz  combined  with  noise.  In  other  words,  it  appears  as 
though  the  addition  of  vibration  reduces  the  amount  of  noise  induced  TTS,  which  is  in  direct 
opposition  to  those  findings  reported  by  Morita  (1958),  Yokoyama  et  al  (1965),  and  Okada 
( 1971) .  These  observations  should  be  viewed  with  caution  however,  since  the  no  vibration  con¬ 
dition  was  not  incorporated  into  the  design  of  the  present  experiment.  Nevertheless,  if  compari¬ 
son  with  the  practice  data  is  appropriate  then  the  meaning  of  the  results  is  changed  considerably. 
By  ignoring  the  practice  data  one  could  conclude  that  9  Hz  adds  to  the  effects  of  noise.  On  the 
other  hand,  considering  the  practice  data  one  could  estimate  that  18  Hz  vibration  reduces  TTS 
due  to  noise  more  than  9  Hz. 

Although  a  significant  auditory  temporary  threshold  shift  effect  for  vibration  was  found  in  the 
present  study,  the  results  are  still  ambiguous  with  respect  to  those  of  previous  research.  To  fully 
understand  the  influence  of  whole  body  vibration  on  noisy  induced  TTS  and  to  determine  if  the 
amount  is  of  any  practical  consequence,  additional  research  is  required.  Future  research  should 
consider  the  effect  of  vibration  frequency  and  intensity  level  on  noise  induced  auditory  tem¬ 
porary  threshold  shift  In  addition,  proper  control  conditions  should  be  incorporated  into  the 
experimental  design  and  exposures  administered  for  longer  durations. 


Figure  9.  Individual  differences  in  TTS  between 
vibration  conditions  for  the  different 
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Figure  10.  Graph  of  the  TTS  recovery  time  function  for  each 
vibration  frequency. 
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